derived, targeted mouse embryonic stem (ES) cell lines.

MTs of ACF7 Null Endodermal Cells Display Perturbations in Their Trajectories and Dynamic The targeting strategy and in vivo results will be reported
Instabilities but Retain EB1 and CLIP170 elsewhere (I.K., A.K., L.B. Chen, P. Romero, and E.F.).
In epidermal cells, ACF7 binds along MTs, but it concenHeterozygous ACF7 ϩ/Ϫ mice appeared normal, but trates at the plus-ends of those MTs that are directed ACF7 null mice died early in embryonic development. In ACF7 null cells, many MTs exhibited irregular trajecwere confirmed by Southern blotting ( Figure 1B) and tories, curling and bending at cell margins ( Figure 2E ). In absence of ACF7 protein in genotypically Ϫ/Ϫ cultures contrast, the actin cytoskeleton appeared largely normal was corroborated by immunoblotting using an ACF7 Ab ( Figures 2F and 2G ). This was best visualized by monitoragainst all known isoforms ( Figure 1C ). Cell identity was ing actin dynamics in live, GFP-actin transfected WT confirmed by RT-PCR detection of four endoderm markand KO endodermal cells (Supplemental Movie S1 availers, Hnf4, ␣-fetoprotein (AFP), retinol binding protein able at http://www.cell.com/cgi/content/full/115/3/343/ (RBP), and transthyretin (TTR), and by a corresponding DC1). In addition to displaying filopodia and lamellilack of the nascent mesodermal marker Brachyury and podia, KO endodermal cells responded to an activated trophoblast marker placental lactogen ( Figure 1D In WT cells, dynamic MTs grew steadily and perpenwithin the cytoplasm was not always radial. A significant number of MTs seemed to bend prior to reaching the dicularly toward the periphery ( Figure 3A) . Derived from the frequency histogram of instantaneous rates, the physical cortical barrier at the cell margin. These MT trajectories seemed random and disoriented, often devigrowth rate was ‫7.3ف‬ Ϯ 2.2 m/minute. As growing MTs reached cell margins, the majority initiated episodes ating by more than 30Њ from radial ( Figure 3B, arrows) . This appeared to lead to opposing movements within of typically 10-20 s of pausing, followed by rapid shortening (catastophes) and regrowth (rescues). Dynamic cells, which in some cases were quite dramatic (Supplemental Movie S2a). instability is known to be more prevalent at the cell periphery (Komarova et al., 2002) , preserving the radial Similar results were obtained by expressing a GFPtagged version of Gas2, the carboxy-terminal portion of orientation of most ‫)%08ف(‬ MTs (arrows in Figure 3A) .
In contrast, KO MTs that reached the plasma mem-ACF7, which harbors a strong MT binding domain (Sun et al., 2001). In both WT and KO cells, this domain decorbrane frequently failed to undergo pause and catastrophe, exhibiting ‫-5.2ف‬fold fewer episodes of catastrophic ated MTs and concentrated at their distal ends; however, in KO cells, GFP-Gas2-bound MTs failed to pause shortening, greater than 2-fold less time in pausing, and longer periods of growing (Table 1) . Instead of tethering upon reaching the membrane (Figures 3C and 3D ; Movie S2b). Full analysis of the MT dynamics in GFP-Gas2-transiently to the membrane, these MTs continued to grow, bending and curling at margins (MT highlighted expressing cells confirmed that the Gas2 domain on its own was not sufficient to rescue MT trajectory or dyin red in Figure 3B ). Correlating with this feature, many MTs in ACF7 null cells appeared to be longer than their namic instability defects in KO cells (Table 1) . Thus, the effects of ACF7 cannot be explained simply by its ability WT counterparts (Supplemental Movie S2a). Despite these noticeable differences in MT dynamics, actual to bind to MTs. Two important ϩTIPs, EB1 and CLIP170, are known rates of MT growth and shrinkage were similar between cultures, as were times that MTs spent in a shrinking to influence dynamic instability, tracking with MT tips in the cytoplasm and losing this association upon reaching phase (Table 1 ).
An additional unusual feature was that MT trajectory cell margins (Perez et al., 1999; Mimori-Kiyosue et al., precluded using the RFP-miniACF7 to examine rescue In WT cells, EB1-tipped MTs frequently moved along of cytoplasmic MT-GFP-actin tracking, these data untrajectories that coincided with actin cables (arrows in derscore the overall dependency of MT dynamics on Figure 4C ). The most obvious parallel tracks of EB1-ACF7's actin and MT domains. The data are compiled tipped MTs were along aligned polarized actin bundles in Table 1 . near or at membranes. These movements were similar to those described for other cell types (Rodriguez et al., 2003). In ACF7 null cells, many fewer EB1 spots localized MTs Are Less Stable 1n ACF7 Null Cells Previous studies on a tissue-restricted plakin, BPAG1, to actin cables ( Figure 4D and Movie S3a). Those EB1 spots that happened to colocalize with F-actin at the have shown that BPAG1 null neurons are prone to degenerate and display short MTs which are highly sensiinitial time point failed in subsequent movements to track along underlying actin fibers ( Figure 4E ). This said, tive to cold and colchicine (Yang et al., 1999). In contrast, ACF7 null endodermal cells were viable in culture and we always detected some coordinated movements of EB1-tipped MTs along actin cables in KO cells, sugexhibited MTs that grew longer than their WT counterparts. Given these differences, we wondered whether gesting that additional as-yet unidentified proteins are able to make connections between the two networks.
MTs of ACF7 null endodermal cells would be altered in their stability, and if so, how. Overall, the reduced tracking of MTs along cytoplasmic F-actin bundles in KO cells correlated well with
Within 15 min after exposure of WT endodermal cells to MT depolymerizing agents, nearly all MTs were dethe random MT trajectories and their failure to pause In WT endodermal cells, only a small number of MTs the polarization and recovery process. At a macroscopic level, both WT and KO cells proliferwere decorated with the anti-Glu tubulin antibody, but this was significantly enhanced by supplementing the ated and migrated into the wound site ( Figure 6A ). Initially, the wounded endodermal cells could still make medium with LPA ( Figure 5C ). Anti-Glu tubulin staining was markedly lower in KO cells, and LPA resulted in and extend filopodia and lamellipodia. However, as KO cells migrated inward, their trajectories became proonly a modest enhancement (Figures 5C and 5E ). Importantly, this difference could not be attributed merely to gressively aberrant. Cells at the wound front displayed extensions that were often opposing, resulting in either a difference in LPA sensitivity, since dominant-active mDia was only able to promote stabilization of MTs in nonproductive or skewed movements ( Figure 6B ). These To test MT binding domains were able to rescue polarization defects associated with the wound response in KO cells whether this mechanism was operative in our cultures, we first examined PKC activity in response to wounding. ( Figure 6F ). As shown here by anti-Glu tubulin staining, the response was specific to those cells at the wound As shown in Figure 7B , both WT and KO cells displayed an ‫-2ف‬fold activation of PKC upon wounding. PKC edge, as is typical for WT cultures. In contrast, although phalloidin staining did not uncover any gross abnormaliactivity levels rose over 9 hr, and then declined. By these criteria, the initial steps in cellular polarization in ties in the cytoplasmic actin cytoskeleton, the Gas2 domain on its own did not rescue polarity, and showed response to wounding are intact in cells lacking ACF7. Figure 7C , WT cultures displayed anti-PKC staining ated a role for ACF7 in modulating MT stability. In addition, they revealed roles for ACF7 in polarization of at the wound edge, and this polarization was sustained MTOC, Golgi and MTs. throughout wound healing. In contrast, ACF7 null cultures exhibited some anti-PKC staining at the edge of early stage wounds, but the pattern was more discontinuMechanistic Links to the Role for ACF7 in MT, ous than WT. In addition although weak, antibody stain-MTOC, and Organelle Dynamics ing was consistently observed at membrane borders To probe deeper into how loss of ACF7 leads to polarization defects in wound repair, MT stabilization, and not exposed to the wound surface (see Figure 7C ). Most notably, PKC localization was not sustained during GSK3␤, which was not sustained at the wound front over time. Correspondingly, although antibodies against wound closure. Thus, although activity levels were comparable, PKC localization was aberrant in KO cultures.
Polarization of PKC can be detected by immunofluoonly a mild increase in overall anti-Glu tubulin staining (not shown). Together, these findings further substantirescence (Etienne-Manneville and Hall, 2001). As shown in
APC only weakly stained polarized membranes in wounded WT cultures, this weak staining was not deActivated PKC has recently been shown to phosphorylate and inactivate GSK3␤, which then binds APC tected in KO cultures ( Figure 7E ). Taken together, these data provide compelling eviat astrocyte wound sites (Etienne-Manneville and Hall, 2003). In WT endodermal cultures, specific phosphodence that in the absence of ACF7, initial polarizing signals at a wound-edge are activated but cannot be GSK3␤ antibodies labeled the membrane at the woundfront, and although the intensity of staining was reduced sustained. Consistent with a role for ACF7 at the wound front of WT cultures was the sustained localization of during wound closure, it was still detected at 10 hr after wounding ( Figure 7D ). In contrast, KO cultures displayed anti-ACF7 staining to the polarized membrane during wound closure ( Figure 7F ). Although more complicated reduced and aberrant localization of anti-phospho- Fukata, M., Watanabe, T., Noritake, J., Nakagawa, M., Yamaga, M.,
